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the more naturalistic Assessment of Spontaneous Interac-
tion in Movement.  Results: Intention-to-treat analyses re-
vealed that from baseline to 3 months, patients treated with 
SI-DMI showed a significantly larger improvement in emo-
tion inference (d = 0.58), but not empathic feelings, than 
those treated with CMI (d = –0.04). On the close generaliza-
tion level, SI-DMI increased synchronization skills and imita-
tion tendencies, as well as whole-body imitation/synchroni-
zation and movement reciprocity/dialogue, compared to 
CMI.  Conclusions: SI-DMI can be successful in promoting 
emotion inference in adults with ASD and warrants further 
investigation.  © 2015 S. Karger AG, Basel 
 Introduction 
 Autism spectrum disorder (ASD) is characterized by 
impaired social interaction and communication and a re-
stricted repertoire of activities and interests  [1] . Deficits in 
social cognition, e.g., inferring others’ mental states such 
as emotions and perspective taking, are at the core of the 
disorder  [2–4] . Socioemotional functions such as empath-
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 Abstract 
 Background: Since social cognition is impaired in individu-
als with autism spectrum disorder (ASD), this study aimed at 
establishing the efficacy of a newly developed imitation- and 
synchronization-based dance/movement intervention (SI-
DMI) in fostering emotion inference and empathic feelings 
(emotional reaction to feelings of others) in adults with high-
functioning ASD.  Methods: Fifty-five adults with ASD (IQ 
 ≥ 85) who were blinded to the aim of the study were as-
signed to receive either 10 weeks of a dance/movement in-
tervention focusing on interpersonal movement imitation 
and synchronization (SI-DMI, n = 27) or a control movement 
intervention (CMI, n = 24) focusing on individual motor co-
ordination (2 participants from each group declined before 
baseline testing). The primary outcome measure was the ob-
jective Multifaceted Empathy Test targeting emotion infer-
ence and empathic feelings. Secondary outcomes were 
scores on the self-rated Interpersonal Reactivity Index. The 
well-established automatic imitation task and synchroniza-
tion finger-tapping task were used to quantify effects on im-
itation and synchronization functions, complemented by 
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ic feelings (being emotionally affected by someone else’s 
emotions) have also been suggested to be aberrant, though 
less consistently  [5–8] . Rigorously tested treatment op-
tions for adults with ASD targeting social cognition defi-
cits, however, are scarce, as shown by the fact that only 3 
randomized controlled trials were undertaken, with very 
small sample sizes  [9] . Of note, those interventions target 
compensatory mechanisms focusing on explicit top-down 
learning strategies. Although individuals with ASD have 
been shown to profit from explicit strategies, they are like-
ly to demand cognitive resources and thus add strain in 
real-life social situations  [10] . Consequently, it may alter-
natively be promising to develop interventions for social 
cognition that are implicit in nature. 
 In social interaction humans show spontaneous coor-
dination of movements, i.e. imitation of facial expres-
sions and postures and movement synchronization such 
as falling into lock-step when walking side by side [for 
review, see  11 ]. Interestingly, both imitation and syn-
chronization have been reported aberrant in autism  [12–
14] and it has been suggested that those dysfunctions con-
tribute to social cognition deficits  [15, 16] . For instance, 
Marsh et al.  [12] showed that children with ASD tend to 
synchronize their rocking-chair movements less with 
those of their parents compared to typically developing 
children. Here we suggest that interpersonal movement 
synchronization and imitation might be a target for so-
cial-cognitive interventions in ASD. 
 Our rationale is backed up by extensive basic research 
linking imitation and synchronization to social cognition 
 [17] . It has been shown that synchronizing movements 
with those of another person during an interaction is as-
sociated with greater rapport, feelings of closeness and 
pro-social behavior  [18–23] . Similarly, imitation of pos-
tures, facial expressions, and other behaviors entail posi-
tive social consequences including liking, emotion recog-
nition, generosity, and reduced racial prejudice  [24–27] . In 
addition, the modulation of spontaneous imitation through 
top-down control (imitation inhibition) has been suggest-
ed to play a crucial role in perspective taking  [28–30] .
 Interestingly, the idea of using imitation and synchro-
nization in clinical interventions to target social functions 
has a long tradition in dance/movement therapy in gen-
eral and in working with children with autism in particular 
 [31–34] . Dance/movement therapists apply an empathic 
reflection of their client’s movements (mirroring of the 
movement quality and/or its form) to build a relationship 
and enhance emotional understanding between the thera-
pist and the client  [35] . A recent 7-week intervention study 
focusing on mirroring in movement showed improved 
self-reported social skills in young adults with autism  [36] , 
providing some empirical evidence for this notion. 
 Taken together, fostering interpersonal movement im-
itation and synchronization might serve as an effective le-
verage to enhance social cognition in adults with ASD, but 
experimental evidence of its efficacy is lacking. In the con-
text of this study we developed an imitation- and synchro-
nization-based dance/movement intervention (SI-DMI) 
for adults with ASD aiming at fostering social cognition. 
We aim at showing that SI-DMI enhances sociocognitive 
(emotion inference and perspective taking) and socioaf-
fective processes (empathic feelings) in adults with ASD 
compared to a control movement intervention (CMI).
 Methods 
 This participant-blinded, controlled parallel-group trial took 
place at the Psychology Department of Freie Universität Berlin, 
Germany, from December 2011 to March 2013 and was approved 
by the ethics committee of the German Psychological Society 
(DGP).
 Participants 
 Eligible participants (n = 55) were aged 18 through 55 years 
with a diagnosis of high-functioning ASD, average intelligence (IQ 
>85), right-handedness without severe physical conditions, and 
not currently undergoing psychotherapy. ASD participants were 
recruited through the autism outpatient clinic of the Charité – 
University Medicine Berlin or referred to us by specialized clini-
cians and centers and were diagnosed according to DSM-IV/ICD-
10 criteria for Asperger disorder and autistic disorder using the 
Autism Diagnostic Observation Schedule (ADOS)  [37] and the 
Autism Diagnostic Interview – Revised (ADI-R)  [38] if parental 
informants were available. Participants gave written informed 
consent.
 Interventions 
 SI-DMI and CMI were administered in ten 90-min sessions 
over the course of 3 months in small groups of 4–10 members 
(group size varied based on participant’s availability and due to 
dropouts). Participants were blinded to the goal of the study and 
fully debriefed in writing at the end. To provide a rationale for par-
ticipating in the intervention, both SI-DMI and CMI were an-
nounced as movement programs for adults with ASD to promote 
motor functions and general physical well-being.
 SI-DMI was developed and manualized jointly by a child and 
adolescent psychiatrist with dance movement therapy education 
(A.B.) and a professional dancer/choreographer. Compared to in-
tegrative dance movement therapy, SI-DMI realized a more fo-
cused and standardized approach that has been theoretically out-
lined in further detail elsewhere  [17] . A full description of SI-DMI 
is in preparation by A.B. Each session of SI-DMI followed the 
same structure ( table 1 ). The primary components (70%) were ex-
ercises for dyads, small groups, and the entire group focusing on 
interpersonal movement imitation and synchronization with and 
without music. For instance, in mirroring tasks participants imi-
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tated a repetitive movement initiated by another participant (such 
as arm swings) until synchrony occurred. In circle dances, par-
ticipants learned choreographed movement sequences through 
imitation over the course of several sessions and then performed 
the dance in synchrony. Movement complexity and improvisa-
tion of movement gradually increased over the course of the in-
tervention. Since top-down modulation of the spontaneous ten-
dency to imitate (imitation inhibition) has been shown to affect 
perspective taking  [28–30] , exact imitation/synchronization tasks 
were alternated with tasks focusing on variation and turn taking 
in joint movement in every session. For example, during a mirror-
ing task, participants were asked to vary the size and speed of a 
movement that they had previously imitated. The most advanced 
form of variation and turn taking was a face-to-face movement 
dialogue in which participants built on each other’s movements 
to create interaction in movement. In order to strengthen the per-
ception of their own body and individual movement expression 
as basic requirements for reciprocity in movement  [17] , respective 
tasks were also integrated in every session (approx. 30%). Home-
work such as observing and imitating movements in others was 
assigned to facilitate the transfer of movement observation and 
imitation into every-day life interactions. The structure and con-
tents of the sessions were specifically adapted to the needs of in-
dividuals with autism, which entailed among others predictable 
session structure, avoidance of sensory overload (e.g. interper-
sonal connection through ropes instead of direct touch), and pos-
sibility for time out.
 Although CMI was also administered in a group setting, it did 
not involve tasks on interpersonal movement imitation and syn-
chronization, but individual tasks on dexterity, balance, and en-
durance (e.g. juggling, simple yoga poses, or practicing on exercise 
machines) that were offered in a circle training-like format. All 
tasks were offered in 3–4 difficulty levels and participants moni-
tored their progress in diaries to enhance motivation. While each 
task was introduced and shown briefly at the beginning of each 
session, detailed instructions were provided in writing to avoid 
learning through imitation. In addition, no two participants per-
formed the same task at the same time and all faced the wall to 
minimize observation of movements while performing an exer-
cise. Physical effort and structural aspects such as group setting, 
session structure, use of music, verbal exchange, and homework 
were kept constant across interventions.
 Outcome Measures 
 On a close generalization level we expected SI-DMI to enhance 
imitation and synchronization, which would on a distant general-
ization level transfer into improved emotion inference and em-
pathic feelings. Thus, the Multifaceted Empathy Test (MET)  [39] 
was our primary outcome and the Interpersonal Reactivity Index 
(IRI)  [40] together with imitation/synchronization paradigms and 
the more naturalistic Assessment of Spontaneous Interaction in 
Movement (ASIM) our secondary outcome measures, which were 
assessed at baseline and within 4 weeks after the intervention. 
 Primary Outcome Measure. The MET  [39] is an ecologically 
valid measure that allows for the simultaneous assessment of emo-
tion inference and empathic feelings and has been proven sensitive 
in ASD. The computer-based MET consists of 40 photographs de-
picting people in emotionally charged situations. To assess emo-
tion inference, subjects are required to infer the emotions of the 
individuals shown in the photographs by selecting one of four 
mental state descriptors. To assess empathic feelings, subjects rate 
how much they share the feelings of the individuals displayed in 
the pictures on a 9-point Likert scale. The MET has been shown to 
be a reliable measure of emotion inference (Cronbach’s alpha = 
0.71) and empathic feelings (alpha = 0.91)  [39] .
 Secondary Outcome Measures 
 Interpersonal Reactivity Index 
Individual differences in self-rated perspective taking and em-
pathic concern on the trait level were assessed using the IRI  [40] . 
 Table 1.  Session structure of SI-DMI
Function Format/setting Content
1 Brief verbal exchange and 
discussion of homework
Sitting circle Opportunity to express needs and share state of mind; feedback on 
homework
2 Warm-up Joint movement ritual Movement sequence of increasing complexity
3 Movement expression and 
perception
Individual and interactive 
tasks
Variations of everyday movements like walking; movement 
observation; gradual introduction of different creative elements 
such as variations in expression and contrasting of a given 
movement
4 Main part Interactive imitation and 
synchronization tasks in 
dyads, small groups, and the 
entire group
Imitative and mirroring tasks with variations and contrasting 
elements in different positioning in 2 forms: (1) improvised 
movement (of increasing complexity and variation) and (2) 
specified choreography (e.g. simple circle dances are learned and 
realized by participants over subsequent lessons)
5 Cool-down Quiet self-perception tasks Relaxation; self-focusing/awareness
6 Brief final verbal exchange and 
assignment of homework 
Sitting circle Feedback and opportunity to share movement experience; 
homework assignment
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The perspective taking scale assesses the tendency to spontaneous-
ly adopt the psychological point of view of others (e.g. ‘I try to un-
derstand my friends better by imagining how things look from their 
perspective’). The empathic concern scale taps the respondent’s 
feelings of warmth, compassion, and concern for others (e.g. ‘I often 
have tender, concerned feelings for people less fortunate than me’).
 Automatic Imitation 
To measure imitation tendencies we used the automatic imitation 
paradigm, which has been well established in basic research  [41] . 
In summary, participants perform a cued finger-lifting task while 
seeing task-irrelevant videos of either of the following: (1) a hand si-
multaneously performing the same movement in a mirrored fashion 
or (2) a static hand. Reaction time differences between conditions (1) 
and (2) were used as a proxy for automatic imitation, assuming that 
the tendency of automatic imitation leads to shorter reaction times 
in the moving hand condition(see online suppl. Appendix for a de-
tailed description and data from incongruent condition; see www.
karger.com/doi/10.1159/000441111 for all online suppl. material).
 Interpersonal Synchronization
 A finger-tapping task was used that has previously been devel-
oped to investigate dynamic human interactions as they occur dur-
ing group music making and dance  [42] . Participants were asked 
to tap in synchrony with the tones of virtual drumming partners, 
who were programmed to be either human-like (variably adaptive 
to the participant’s performance) or mechanic like a metronome 
(nonadaptive; online suppl. Appendix, fig. 1). The standard devia-
tion (SD) of asynchronies between taps and tones served as a mea-
sure for synchronization performance, with higher values reflect-
ing weaker performance.
 Assessment of Spontaneous Interaction in Movement 
The ASIM is an observation coding schedule allowing for a
systematic and standardized assessment of dyadic interactional 
whole-body movements and forms part of a new standardized as-
sessment of a person’s individual and interactional movement 
profile which we developed specifically for this study because no 
other naturalistic assessment of spontaneous, interactional whole-
body movement was available  [43] . The assessment is based on 
the film-based movement profile analysis  [44] , which was de-
signed to describe movement quality in the course of dance/
movement therapy. Participants were asked to engage in simple 
1- to 1.5-min movement and dance tasks to music, e.g. walking, 
in a predefined space. Two tasks (expanding/contracting and 
swing movements) were then repeated while a confederate joined 
the movement space. There was no instruction to interact, allow-
ing for  spontaneous interaction in movement for the participant. 
The confederate followed a semi-standardized choreography, 
which included several nonverbal offers to interact with the par-
ticipant (e.g. turning toward the participant). Video recordings of 
the interactive movement set were analyzed for four spontaneous 
interactive movement criteria: (1) orientation of gaze and body 
towards confederate, (2) relation in spatial movement, (3) imita-
tion/synchronization and (4) reciprocity/dialogue in movement. 
The ASIM coding criteria comprise quantitative and qualitative 
movement aspects. All movement parameters were judged on a 
scale ranging from 0 (not shown) to 3 (clearly and frequently 
shown, flexible and socially modulated) with detailed descriptions 
for each score. An example of the coding scheme is given in online 
supplementary table 1. Ratings for the four different interactional 
movement patterns reflect an average of the two interactive move-
ment tasks. Ratings were done by one of the authors (A.B.), who 
was not blinded to group allocation. To evaluate the reliability of 
this measure, 5 baseline assessments (2 individuals from CMI 
group and 3 from SI-DMI) and 3 additional assessments from 
neurotypical individuals were picked at random and rated by a 
second trained rater who was blinded to the diagnoses as well as 
group allocation. Two-way mixed, single-measure (consistency 
agreement) intraclass correlations (ICC) were in the excellent 
range for spontaneous imitation/synchronization (ICC = 0.92), 
reciprocity/dialogue (ICC = 0.78), and relation in spatial move-
ment (ICC = 0.85). The ICC was only fair for the gaze and body 
orientation criterion (ICC = 0.45). Overall, the results indicate 
that raters had a high degree of agreement and suggest that the 
ASIM is a reliable measure of more qualitative aspects of sponta-
neous movement in interaction.
 Group Allocation 
 Between December 2011 and March 2013 patients were invited 
to participate in a movement program advertised to target general 
motor functions and well-being. All group sessions (SI-DMI and 
CMI groups) were offered at different times of the week and with 
varying start dates throughout the year. After a telephone screen-
ing targeting exclusion criteria, participants (who were all blinded 
to the purpose of the study) chose their group based on time pref-
erences. Participants were allocated sequentially in order of their 
declaration of their preference and a group was closed after includ-
ing 10 participants. Each participant was allocated prior to baseline 
testing and first personal contact to guarantee that allocation could 
not be influenced based on symptom severity, level of functioning, 
or baseline results. 
 Statistical Analysis 
 Sample size calculations were based on previous studies on the 
effect of experimental manipulations of imitation/synchroniza-
tion on social cognition  [18, 19, 27, 45] reporting medium-to-large 
effect sizes (d = 0.36–1.07). Thus, for our pre-post design, we pro-
posed a conservative medium effect size of η p 2 = 0.13, resulting in 
a total sample size of n = 56, given a significance level of 5% and 
power of 80%. Thus, all 55 individuals evaluated as eligible were 
included in the study. Analyses were conducted on the modified 
intention-to-treat (ITT) population with all participants analyzed 
in their assigned treatment condition. For participants who did not 
start (n = 2) or complete (n = 1) the intervention, data were im-
puted using the last observation carried forward. Alternative 
methods for handling missing data – namely complete case analy-
sis and multiple imputations – yielded very similar results and lev-
els of significance (online suppl. tables 2, 3). Outcome measures 
were analyzed using a repeated-measure mixed-model ANOVA 
with the intersubject factor of time (before and after intervention) 
and the between-subject factor of group (SI-DMI and CMI). Post 
hoc t tests to further investigate interaction effects were Bonfer-
roni corrected. Effect sizes for the interaction effects were calcu-
lated using η p 2 . For an estimation of clinical significance, Cohen’s 
d was calculated for the treatment effect (difference between before 
and after intervention) for both interventions separately. All anal-
yses were 2-tailed with a p value threshold of 5% and run using 
SPSS (version 20.0). 
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 Missing Data 
 One subject from the CMI group was excluded from the auto-
matic imitation analyses because he showed prolonged reaction 
times (>3 SD from group mean) across all conditions at postinter-
vention assessment. Only a subset of participants (SI-DMI: n = 16, 
CMI: n = 9) underwent ASIM due to restricted personal resources. 
All participants tested with the ASIM before intervention were also 
tested after intervention and included in the analyses. All other 
missing data points are due to technical problems during data ac-
quisition.
 Results 
 Recruitment 
 Between December 2011 and March 2013, 106 adults 
with high-functioning ASD were screened and those 55 
evaluated as eligible were assigned to one of the two treat-
ment conditions ( fig. 1 ). Four participants declined be-
fore baseline testing; 51 were included in ITT analyses. 
There were no significant between-group differences in 
terms of gender, age, intelligence (measured by a vocabu-
lary test, Wortschatztest, WST)  [46] , and symptom sever-
ity  [47] ( table  2 ). From those 51 participants included, 
additional parental information (ADI-R) was available 
for 16 participants. Most participants missed no sessions 
and only 2 participants (SI-DMI group) missed a 3rd ses-
sion. Missed sessions were substituted by extra home-
work.
 Outcomes 
 Details of all ITT analyses are shown in  table 3 . Im-
provements in emotion inference but not empathic feel-
ings as measured with the MET were bigger in the SI-
DMI group than in the CMI group (p = 0.04, η p 2 = 0.09). 
Post hoc t tests confirmed that emotion inference was sig-
nificantly increased after SI-DMI (p = 0.008) but not after 
CMI (p = 0.65). Cohen’s d for the difference between 
means at baseline and after treatment was d = 0.58 for the 
SI-DMI group compared to d = –0.04 for the CMI group, 
thus confirming the clinical significance of the improve-
ment in emotion inference  [48] . There were no signifi-
cant changes in self-ratings of trait-level perspective tak-
ing (IRI; p = 0.68) or empathic concern (IRI; p = 0.71). 
 On the close generalization level, a significant interac-
tion effect of group × time revealed that the automatic 
imitation effect was increased in the SI-DMI group com-
pared to the CMI group (p = 0.04, η p 2 = 0.08) after inter-
vention. Post hoc t tests confirmed that automatic imita-
tion was significantly increased after SI-DMI (p = 0.02, 
d = 0.47) but not after CMI (p = 0.51, d = –0.03). Simi-
106 adults screened (via telephone or e-mail)
55 participants, who were all blinded to the purpose of the study,
chose their group based on time preferences before baseline testing
34 declined participation
17 ineligible
• 2 no prior ASD diagnosis
• 11 currently undergoing psychotherapy
• 2 left-handed
• 1 diagnosed with and under medical
 treatment for schizophrenia
• 1 excessive compulsive behavior 
• 26 allocated to receive CMI
• 2 declined before baseline testing
• 29 allocated to receive SI-DMI
• 2 declined before baseline testing
• 23 completed intervention
• 1 discontinued intervention after 
 first session because he felt 
 underchallenged
• 25 completed intervention
• 1 declined before intervention started
• 1 excluded before intervention 
 started due to aggressive behavior
 during baseline testing
24 included in ITT analyses27 included in ITT analyses
 Fig. 1. Flow of patients through the trial. 
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 Table 2.  Baseline demographic and clinical characteristics
Characteristic SI-DMI (n = 27) CMI (n = 24) p value
Male sex 18 14 0.54
Age, years 33.5 (9.1) 32.0 (9.1) 0.54
In a relationship or married 3 (11.11) 3 (12.5) 0.88
Finished high school1 or vocational training 20 (74.07) 17 (70.83) 0.80
Crystalline intelligence, IQ (WST) 106.7 (12.9) 109.8 (9.1) 0.39
Symptom severity (ADOS) 10.3 (5.2) 10.6 (4.9) 0.80
Autism Spectrum Quotient (AQ) 36.7 (7.3) 36.0 (10.2) 0.79
Depressive symptoms (BDI-II) 16.4 (12.3) 14.0 (11.0) 0.46
BSI Global Severity Index 0.91 (0.57) 0.81 (0.61) 0.54
Received psychotherapy in the 6 months before baseline 5 (18.52) 5 (20.83) 0.84
Behavioral therapy
Psychoanalysis or psychodynamic therapy
Other/not specified
3
1
1
1
2
2
 Data are presented as means (SD) or n (%). WST = Wortschatztest (German vocabulary test); ADOS = Au-
tism Observation Schedule; AQ = Autism Quotient; BDI-II = Beck Depression Inventory [55]; BSI = Brief Symp-
tom Inventory [56]. p values for continuous variables were generated from independent sample t tests; p values 
for categorical variables were generated from Pearson’s χ2 tests.
1 High school: German equivalent of high school degree after 13 years of schooling.
 Table 3.  Outcome measures at baseline and after intervention
SI-DMI  CMI F 
value
p 
value
Effect 
size,
ηp2Outcome n pre post mean change (95% CI)
d1 n pre post mean change 
(95% CI)
d1
Emotion inference (MET) 27 16.85 
(6.2)
18.67 
(6.8)
1.81 
(0.6 to 3.1)
0.58 24 19.13 
(4.4)
19.00 
(4.9)
–0.13 
(–1.4 to 1.2)
0.04 3.57 0.04 0.09
Empathic feelings (MET) 27 3.51 
(2.0)
3.64 
(2.0)
0.13 
(–0.2 to 0.4)
0.15 24 3.80 
(2.1)
3.85 
(1.9)
–0.05 
(–0.4 to 0.3)
–0.06 0.64 0.43 0.01
Perspective taking (IRI) 27 11.59 
(4.1)
12.33 
(5.1)
0.74 
(–0.6 to 2)
0.26 24 13.46 
(4.7)
13.83 
(5.1)
0.38 
(–0.9 to 1.7)
0.11 1.17 0.68 0.004
Empathic concern (IRI) 27 13.44 
(5.7)
13.74 
(5.3)
0.30 
(–1.2 to 1.8)
0.08 24 14.67 
(7.0)
15.38 
(5.5)
0.71 
(–0.9 to 2.3)
0.18 0.14 0.71 0.003
Automatic imitation effect2 27 20.42
(40.1)
37.88 
(34.5)
17.46 
(2.4 to 32.5)
0.47 23 42.55 
(37.5)
37.13 
(32.9)
–5.42 
(–21.8 to 10.9)
–0.03 4.29 0.04 0.08
Asynchrony3 with human-like 
(adaptive) virtual partner
19 26.80 
(6.5)
24.47 
(4.7)
–2.32 
(–3.9 to –0.7)
–0.63 15 28.56 
(4.7)
28.95 
(4.3)
0.36 
(–1.4 to 2.1)
0.13 5.39 0.03 0.14
Asynchrony3 with metronome-like 
(nonadaptive) virtual partner
19 25.92 
(6.8)
25.9 
(5.5)
–0.02 
(–2.0 to 1.9)
0 15 26.88 
(6.8)
27.73 
(6.8)
0.85 
(–1.3 to 3.0)
0.21 0.38 0.54 0.01
Spontaneous imitation/
synchronization (ASIM)
16 0.84 
(1.3)
1.41 
(1.3)
0.56 
(0.3 to 0.8)
1.27 9 1.22 
(1.0)
0.89 
(0.7)
–0.33 
(–0.7 to 0.1)
–0.47 15.33 0.001 0.40
Reciprocity/dialogue (ASIM) 16 0.34 
(0.4)
0.88 
(0.6)
0.53 
(0.3 to 0.8)
1.25 9 0.83 
(0.7)
0.88 
(0.6)
–0.11 
(–0.5 to 0.3)
–0.16 8.25 0.009 0.26
Gaze and body orientation (ASIM) 16 1.69 
(1.8)
1.88 
(1.9)
0.18 
(–0.5 to 0.1)
0.27 9 1.44 
(0.8)
1.44 
(1.0)
0.0 
(–0.4 to 0.4)
0 0.49 0.49 0.02
Relation in spatial movement 
(ASIM)
16 1.16 
(2.0)
1.56 
(2.1)
0.41 
(0.0 to 0.9)
0.43 9 0.94 
(0.8)
0.83 
(0.9)
–0.11 
(–0.7 to 0.5)
–0.47 2.09 0.16 0.08
 Baseline and postintervention data are means (SD) from ITT analyses (carry forward). CI = Confidence interval; MET = Multifaceted Empathy Test; 
IRI = Interpersonal Reactivity Inventory; ASIM = Assessment of Spontaneous Interaction in Movement. p values and effect sizes (ηp2) refer to time × group 
interactions from mixed model ANOVAs. 1 Cohen’s d, effect size for the change from baseline to after intervention within each group. 2 Difference between 
reaction times in the compatible and baseline conditions in milliseconds. 3 SD of asynchronies between the participant’s tap and their virtual drumming 
partner’s tone in milliseconds; higher values reflect poorer performance.
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larly, asynchrony while interacting with human-like 
(variably adaptive) partners in the finger-tapping task 
was reduced after SI-DMI compared to CMI (p = 0.03,
η p 2 = 0.14). Again, post hoc t tests showed that asynchro-
ny decreased significantly in the SI-DMI group (p = 0.005, 
d = –0.63) but not in the CMI group (p = 0.68, d = 0.13). 
Interestingly, asynchronies were unaffected by the inter-
ventions when interacting with a mechanic (nonadap-
tive) partner (all p > 0.51).
 Results of the ASIM revealed that SI-DMI increased 
the quantity and quality of spontaneous imitation and 
synchronization of movements (p = 0.001, η p 2 = 0.4), 
as well as reciprocity/dialogue in movement (p = 0.009, 
η p 2 = 0.26), compared to CMI. Both interaction effects 
were driven by a significant increase of imitation/syn-
chronization (p < 0.001, d = 1.27) and reciprocity/dia-
logue (p = 0.04, d = 1.25), respectively, in the SI-DMI 
group, whereas both parameters did not change signifi-
cantly in the CMI group (imitation/synchronization: p = 
0.08, d = –0.47; reciprocity/dialogue: p = 0.59, d = –0.16). 
In contrast, orientation of gaze and body towards the con-
federate and relation in spatial movement were not dif-
ferentially affected by the two interventions (orientation: 
p = 0.49, η p 2 = 0.02; relation in spatial movement: p = 0.16, 
η p 2 = 0.08).
 Discussion 
 A dance/movement intervention based on interper-
sonal movement imitation and synchronization (SI-
DMI) was effective in fostering emotion inference in 
adults with high-functioning ASD compared to a CMI 
focusing on individual movement tasks. On a close gen-
eralization level, the SI-DMI group showed increased im-
itation tendencies and enhanced synchronization abili-
ties compared to the CMI group. 
 In the primary outcome measure, the MET, the SI-
DMI group showed an increase in emotion inference but 
not in empathic feelings compared to the CMI group. The 
effect of SI-DMI on emotion inference is in line with pre-
vious research, relating imitation, top-down modulation 
of imitation (imitation inhibition), and interpersonal 
movement synchronization to  sociocognitive processes in-
cluding emotion recognition and mentalizing  [27, 28, 42, 
49, 50] . In contrast to our study, previous research has also 
suggested that imitation and synchronization increase  so-
cioaffective processes such as liking and affiliation [for re-
view, see  11 ]. An explanation for the null effect on em-
pathic feelings found here could be that imitating and 
moving in synchrony with other individuals influence af-
fective states such as liking, affiliation, and empathic feel-
ing in the situation, i.e. on the state level, directed specifi-
cally towards the individuals that were interacted with. In 
contrast, a skill such as emotion inference refers to a 
learned process that can be applied to other situations 
more easily. This might explain why, in the post-treat-
ment assessment, changes could only be observed in emo-
tion inference but not empathic feelings. No changes in 
perspective taking or empathic concern were measured 
with the IRI. Questionnaires, however, demand high in-
trospection  [51] , which has been reportedly reduced in 
ASD  [52] . Future studies should include follow-up assess-
ments to ascertain whether effects extend to subjectively 
perceived changes in social cognition as time passes.
 On the close generalization level we found an increase 
in the tendency to automatically imitate movements in the 
SI-DMI group but not in the control group. In addition, 
the ability to synchronize movements was increased in the 
SI-DMI group compared to controls when interacting 
with a virtual human-like partner but not when interact-
ing with a nonadaptive mechanic virtual partner, which 
further underlines the social nature of the changes ob-
served in sensorimotor functions. These changes were 
corroborated by the ecologically more valid ASIM assess-
ment, showing that also on the whole-body level, imita-
tion and synchronization as well as movement reciprocity 
and dialogue increased in the SI-DMI group compared to 
the CMI group. In sum, these effects show that SI-DMI 
indeed enhanced interpersonal imitation and synchroni-
zation. Importantly, they also suggest that an increase of 
quantity and quality of imitation/synchronization might 
underlie the observed increase in emotion inference.
 Existing social interventions for adults with ASD such 
as ‘Mindreading’  [53]  or ‘PEERS for young adults’  [54] 
mostly focus on teaching the understanding of others’ 
minds, e.g. emotions, explicitly, they rely heavily on com-
pensatory strategies and intellectual functions  [53] and ex-
plicit rule-based learning  [9, 53, 54] . Those interventions 
are thus of limited applicability for individuals with ASD 
and intellectual disability. SI-DMI, in contrast, focuses on 
synchronization and imitation of movements, which do 
not demand explicit cognitive strategies, thereby reducing 
the cognitive strain in social situations. Thus, although 
only adults with high-functioning ASD were included in 
the present study, we believe that individuals with low in-
tellectual functioning might benefit from the intervention 
in an adapted form as well. Further research is needed to 
confirm the appropriateness and effectiveness of SI-DMI 
in cognitively more impaired individuals with ASD. 
 Koehne/Behrends/Fairhurst/Dziobek
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 By targeting social cognitive functions directly most in-
terventions remain agnostic with respect to associated 
mechanisms that might be promising in mitigating respec-
tive dysfunctions in ASD. SI-DMI focuses on imitation and 
synchronization as likely precursors of emotion inference 
and empathic feelings. In showing that our intervention 
indeed generalizes beyond motor functions to emotion in-
ference we might speculate about mechanisms capable of 
enhancing social deficits more generally. Basic research 
points to at least 3 potential mechanisms that may have 
contributed to the observed effects of SI-DMI: imitation, 
top-down modulation of imitation (imitation inhibition), 
and interpersonal movement synchronization  [11, 28] . 
Since all 3 aspects were combined in SI-DMI, this study 
does not allow disentangling whether the observed effects 
were due to one of these mechanisms or their combination. 
Future research should focus on linking specific interper-
sonal motor patterns to specific social-cognitive functions 
to allow for more targeted dance/movement interventions 
to be developed that mitigate social dysfunctions. For in-
stance, evidence is particularly strong for a link between 
synchronization and socioaffective consequences  [18, 23] . 
In contrast, imitation and imitation inhibition have been 
specifically linked to sociocognitive functions, i.e., emo-
tion recognition and perspective taking, respectively  [27, 
28, 30, 49] , which should be explored in more detail.
 Our study is limited by the focus on one measure of 
emotion inference and restriction to high-functioning 
adults with ASD. Since results were partly marginal and 
not controlled for multiple comparisons they need repli-
cation, especially with longer follow-up periods, to verify 
the efficacy of SI-DMI before it can be recommended for 
clinical use. In addition, while we found it important to 
complement our objective, computer-based tests of imita-
tion and synchronization within a more ecologically valid 
and qualitative measure, results from the ASIM are lim-
ited because the rater was not blinded to group allocation. 
This being said, our study also has several strengths, as we 
kept a number of important aspects constant between SI-
DMI and the control intervention such as the setting, 
structure of the sessions, use of music, and homework as-
signments. Unlike other studies, we did not rely solely on 
self-report measures in individuals with ASD but also on 
objective and possibly more valid computer-based mea-
sures of social functions and imitation/synchronization, 
complemented by more naturalistic movement analyses. 
In addition, our sample was larger than most comparable 
studies and all participants were blinded.
 Taken together, we found that a dance/movement in-
tervention focusing on interpersonal imitation and syn-
chronization increased emotion inference beyond enhanc-
ing imitation and synchronization functions. This suggests 
that interpersonal motor coordination functions might be 
a promising means towards treating core social cognitive 
deficits in ASD, which warrants further investigation. 
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